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Background of the Invention 
5 Field of the Invention 

The present invention relates to a 
magnetoresistive element composed of a pinned layer, a 
non-magnetic layer, and a free layer deposited in 
stacked relation, to a magnetoresistive head comprising 
10 the magnetoresistive element, and to respective methods 
for fabricating the magnetoresistive element and the 
magnetoresistive head . 

Description of the Related Art 

15 As magnetic disk apparatus have been increased in 

density, a high sensitivity read head has been on 
growing demand. As an example of the high sensitivity 
read head, a structure as disclosed in Non-Patent 
Document 1 has been known, in which two ferromagnetic 

20 layers are separated from each other by a non-magnetic 
metal layer and an exchange bias magnetic field is 
applied from an antif erromagnetic layer to one of the 
ferromagnetic layers to fix the magnetization thereof. 
It is shown in the foregoing paper that, in such 

25 a multilayer film, a resistance R has a component which 
varies in proportion to cos6 as a function of an angle 
9 between the respective magnetizations of the two 
ferromagnetic layers. Such an effect is termed a giant 
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magnetoresistive effect (GMR) or a spin valve effect 
and such a multilayer film is termed a magnetoresistive 
film. 

There are cases where a sense current is caused 
5 to flow in parallel to a film surface (Current in plane, 
hereinafter referred to as CIP) and where the current 
is caused to flow perpendicularly to the film surface 
(Current perpendicular to the plane, hereinafter 
referred to as CPP) in the giant magnetoresistive head. 

10 It has been known that an MR ratio in the CPP mode is 
twice or more as high as the MR ratio in the CIP mode. 
Reports on the giant magnetoresistive head in the CPP 
mode are disclosed in, e.g.. Patent Document 1 and 
Patent Document 2 . 

15 To obtain an excellent read voltage in these read 

heads, it is necessary to change the ferromagnetic 
layer composing the magnetoresistive film into a single 
domain. For this purpose, there is a magnetic domain 
control method termed a hard bias structure, which is 

20 disclosed in, e.g.. Patent Document 3. The method 

suppresses Barkhausen noise resulting from a magnetic 
domain structure by disposing permanent magnetic films 
at both ends of the magnetoresistive film, applying a 
longitudinal bias field for magnetic domain control in 

25 a direction of track width to the magnetoresistive film, 
and thereby changing the ferromagnetic layer into a 
single domain. 

As another method for changing the ferromagnetic 
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layer into a single domain, a method for magnetic 
domain control termed patterned exchange is disclosed • 
in, e.g.. Patent Document 4, The method disposes 
antiferromagnetic layers in left and right end regions 
in spaced apart relation such that they are in direct 
contact with the top portions of the ferromagnetic 
layer, thereby fixing the respective magnetizations of 
the both end regions of the ferromagnetic layer by 
exchange coupling to the antiferromagnetic layer and 
changing the ferromagnetic layer into a single domain. 
It is normally assumed that the magnetizations of the 
both end regions of the ferromagnetic layer are 
oriented in the direction of track width. 

Patent Document 5 discloses a head having read 
sensitivity improved by tilting the magnetizations of 
the both end regions of the ferromagnetic layer from 
the direction of track width. In the head, the 
respective magnetizations of the left and right end 
portions are tilted in the same direction for improved 
read sensitivity. 

FIG. 16 shows a conventional CIP mode. giant 
magnetoresistive head to which magnetic domain control 
has been performed by patterned exchange. The head 
comprises a magnetoresistive film (GMR film) 30 
composed of a free layer 35, a non-magnetic metal layer 
(Cu layer) 40, a pinned layer 45, and an 

antiferromagnetic layer 50 which have been stacked. The 
magnetization of the pinned layer 45 is fixed to the 
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Brief Summary of the Invention 
In the field of magnetic recording, a further 
reduction in the track width of a magnetic head and a 
further improvement in read sensitivity are required as 
5 a recording density increases. If the track width of 
the magnetic head is reduced, however, permanent 
magnetic films for magnetic domain control or 
antif erromagnetic layers (bias applying films) disposed 
on both ends of the magnetoresistive element are 

10 greatly affected thereby. This reduces the 

magnetization rotation of the free layer in response to 
a signal magnetic field and thereby causes a problem of 
lowered read sensitivity. To present the problem, a 
minimized longitudinal bias field is applied preferably 

15 to the center portion of the track of the free layer so 
that excellent sensitivity is maintained. 

The read head also has a side-reading problem 
that a magnetic read width becomes larger than a 
physical read width defined as an inter-electrode width. 

20 If the track width of the magnetic head is reduced, a 
proportion of an amount of side reading to the track 
width is increased to exert greater influence. 
Therefore, it is an important task to reduce the amount 
of side reading in the direction of track width. 

25 It is therefore an object of the present 

invention to provide a magnetoresistive element with 
high read sensitivity and with reduced side reading 
even if the track width thereof has been reduced, a 
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invention is mainly characterized in that it comprises: 
a magnetoresistive film having a pinned layer, a non- 
magnetic layer, and a free layer; a pair of terminals 
for applying a current to the magnetoresistive filml- 
and bias applying means for applying a bias magnetic 
field for magnetic domain control to the free layer, 
the magnetoresistive element or magnetic head further 
comprising, if a direction of track width is designated 
by an x-axis , a direction of element height orthogonal 
to the direction of track width is designated by a y- 
axis, a magnetization direction of the free layer is 
designated as an x-plus direction, and a direction 
opposite to an air bearing surface is designated as a 
y-plus direction: means for generating a bias magnetic 
field having a component in the y-plus direction in a 
region of the free layer located on an x-minus side and 
generating a bias magnetic field having a component in 
a y-minus direction in a region of the free layer 
located on the x-plus side. 

FIG. lA shows the result of calculating, by 
simulation, a magnetization distribution in a free 
layer in a conventional patterned exchange structure. A 
bias magnetic field in the direction of track width has 
been applied to each of the left and right edges of the 
track width which are exchange coupled to 
antif erromagnetic layers so that the magnetization is 
oriented in the direction of track width. Since an 
exchanged coupled magnetic field normally ranges from 



500 Oe to 1000 Oe, the magnetization of the free layer 
in each of the exchange coupled regions rotates upon 
the application of a media field to the track edges 
during an off-track period. Since the magnetization 
rotation at the track edges is propagated by exchange 
in the free layer to a sensing region corresponding to 
the track width, side reading is increased 
disadvantageously . 

By contrast, the magnetization of a free layer is 
distributed as shown in FIG. IB in the head according 
to the present invention which uses a bias magnetic 
field changed in direction. In such a head, a magnetic 
field from a medium that has been applied to the track 
edges during an off-track period is easily propagated 
in a direction orthogonal to the magnetization, i.e., 
in an outward direction from a sensing region so that 
the magnetization rotation is less likely to be 
propagated to the sensing region. Consequently, side 
reading can be reduced and a magnetic read width can be 
reduced. 

In addition, the magnetization of the free layer 
in each of the exchange coupled regions is tilted to 
the direction of element height of head so that the 
bias magnetic field applied to the sensing region is 
reduced. This offers the advantage of an improved read 
output from the head. Although the bias magnetic field 
applied to the sensing region is necessary to change 
the free layer into a single domain, the magnetization 
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rotation of the free layer in response to the media 
field is reduced if the applied bias magnetic field is 
excessively intense so that the read output is reduced. 
The magnetoresistive element and magnetic head 
5 according to the present invention are so constituted 
as to allow a current to flow in the direction of the 
thickness of the magnetoresistive film by depositing a 
pair of terminals for applying the current on the 
magnetoresistive film either indirectly with a metal 

10 film interposed therebetween or directly without a 

metal film interposed therebetween. The magnetic head 
according to the present invention is mainly 
characterized by a magnetoresistive element mounted 
thereon which includes means for generating a bias 

15 magnetic field with the current such that the bias 

magnetic field has a component in the y-plus direction 
in the x-minus region of the free layer and that the 
bias magnetic field has a component in the y-minus 
direction in the x-plus region of the free layer. 

2 0 In particular, the length of a region for sensing 

a signal is adjusted to be equal to the length of a 
pinned layer by adjusting the length in the direction 
of track width of the pinned layer to be smaller than 
the length in the direction of track width of the free 

25 layer. By further adjusting the lengths in the 

direction of track width of the pair of terminals for 
applying a current to be larger than the length in the 
direction of track width of the pinned layer, the bias 
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magnetic field can be applied efficiently to the track 
edges . 

Brief Description of the Drawings 
5 FIGS. lA and IB are views each showing the result 

of simulating the respective magnetized states of the 
free layers in a conventional magnetoresistive element 
and a magnetoresistive element to which the present 
invention is applied; 
10 FIGS. 2A to 2D are schematic diagrams each 

showing a plan configuration of the magnetoresistive 
element to which the present invention is applied; 

FIG. 3 is a schematic diagram showing a 
magnetoresistive memory device to which the present 
15 invention is applied; 

FIG. 4 is a schematic diagram of a magnetic head 
to which the present invention is applied; 

FIG. 5 is a cross-sectional view in a plane 
parallel to the air bearing surface of the CIP mode 
20 giant magnetoresistive head; 

FIGS. 6A to 6C are flow charts each illustrating 
a fabrication process for the giant magnetoresistive 
element according to the present invention; 

FIGS. 7A to 7C are views showing the fabrication 
25 process for the giant magnetoresistive element 
according to the present invention; 

FIGS. 8A and 8B are views showing the magnetizing 
direction of the giant magnetoresistive element 
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according to the present invention; 

FIGS. 9A and 9B are characteristic views showing 
a magnetic read width and a read output; 

FIGS. lOA and lOB are characteristic views 
showing the magnetic read width and the read output; 

FIG. 11 is a cross-sectional view in a plane 
parallel to the air bearing surface of the CIP mode 
giant magnetoresistive head; 

FIGS. 12A and 12B show the respective positions 
at which an organic resist film and a permanent 
magnetic film are disposed in. a plan configuration of 
the magnetoresistive element; 

FIG. 13 is a cross-sectional view in a plane 
parallel to the air bearing surface of the CIP mode 
giant magnetoresistive head; 

FIG. 14 is a cross-sectional view in a plane 
parallel to the air bearing surface of the CPP mode 
giant magnetoresistive head; 

FIGS. 15A and 15B are a cross-sectional view and 
a plan view in a plane parallel to the air bearing 
surface of the CPP mode giant magnetoresistive head; 
and 

FIG. 16 is a cross-sectional view of a 
conventional CIP mode giant magnetoresistive head. 

Detailed Description of the Preferred Embodiments 
A detailed description will be given herein below 
to preferred magnetoresistive heads to which the 



present invention is applied. 
Embodiment 1 

If a magnetoresistive head to which the present 
invention is applied is, e.g., a CIP mode magnetic head, 
5 a lower shield film (NiFe film) , an insulating film 
(AI2O3 film) for magnetic gap formation, and a 
magnetoresistive element are deposited in this order on 
a substrate. An electrode composed of Nb/Au/Nb is 
further deposited on the magnetoresistive element to 
10 supply a current to the magnetoresistive film. An 

insulating film (AI2O3 film) for magnetic gap formation 
and an upper shield film (NiFe film) are deposited in 
this order over the magnetoresistive element and the 
electrode . 

15 In the magnetoresistive element, a first 

antif erromagnetic layer, a second ferromagnetic layer 
(hereinafter referred to as a pinned layer) , a non- 
magnetic layer, and a first ferromagnetic layer 
(hereinafter referred to as a free layer) are deposited 

20 in this order. A second antif erromagnetic layer (MnPt 
film) exchange coupled to the free layer is further 
disposed on each of the edges of the free layer to 
compose a bias applying film. 

The pinned layer is defined herein as a magnetic 

25 layer of which the magnetization is fixed in a given 
direction by the first antif erromagnetic layer. The 
free layer is defined as a magnetic layer capable of 
freely changing the magnetization direction thereof on 
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receipt of a signal magnetic field from a recording 
medium. A direction of track width is defined as a 
direction perpendicular to the direction in which a 
magnetic head moves relative to a recording medium in 
direction parallel to a surface of the medium. 

■ A preferred embodiment of the magnetoresistive 
element to which the present invention is applied is 
characterized by the following structure. 

Specifically, the free layer is characterized in 
that it has a sensing region and a pair of out-of- 
sensing-region regions on both edges of the sensing 
region, the magnetization direction of one of the out- 
of-sensing-region regions and that of the other out-of 
sensing-region region have different components in a 
direction of element height of head, and the 
magnetization of the one out-of-sensing-region region 
and that of the other out-of-sensing-region region are 
nearly symmetrical relative to the sensing-region 
interposed therebetween. 

The out-of-sensing-region regions are defined 
herein as regions under magnetic domain control with a 
bias magnetic field applied thereto by the bias 
applying films. 

Specifically, if the direction of track width is 
designated as an x-axis, the direction of element 
height of head orthogonal to the direction of track 
width is designated as a y-axis, the magnetization 
direction of the free layer is designated as an x-plus 



direction, and a direction opposite to an air bearing 
surface is designated as a y-plus direction, the bias 
applying film on the x-minus side generates a bias 
magnetic field having a component in the y-plus 
direction, while the bias applying film on the x-plus 
side generates a bias magnetic field having a component 
in the y-minus direction. 

If the magnetization direction of the free layer 
determined by the bias magnetic field is designated as 
(sinO, cos6) and the plus direction of the x-axis is 
designated as (0, 1), the magnetization direction of 
the free layer exchange coupled to the bias applying 
film on the x-minus side is preferably 0 <G < 90 and 
the magnetization direction of the free layer exchange 
coupled to the bias applying film on the x-plus side is 
preferably 270 <9 < 360 . 

In a typical patterned exchange structure, if the 
magnetization of a free layer in each of exchange 
coupled regions is rotated by a magnetic field from a 
medium, the action of the magnetization is propagated 
by exchange to a sensing region corresponding to the 
track width so that side reading is increased. To 
prevent this, the present invention is constituted such 
that the bias applying film on the x-minus side 
generates a bias magnetic field having the component in 
the y-plus direction and the bias applying film on the 
x-plus side generates a bias magnetic field having the 
component in the y-minus direction. The arrangement 



renders the magnetic field from the medium applied to 
the exchange coupled region less likely to be 
propagated to the sensing region and thereby reduces 
side reading. 

5 If the magnetization direction of the free layer 

exchange coupled to the bias applying film on the x- 

minus side becomes 90 < 0 < 270 over the entire 
region, a bias magnetic field for changing the free 
layer into a single domain is not applied sufficiently 
10 so that Barkhausen noise occurs. If the magnetization 
direction of the free layer exchange coupled to the 
bias applying film on the x-minus side becomes 270 < 9 

< 360 , the effect of reducing side reading cannot be 
obtained. Likewise, if the magnetization direction of 

15 the free layer in the exchange coupled region on the x- 
plus side becomes 0 < 6 < 90 , the effect of reducing 
side reading cannot be obtained and if the 
magnetization direction of the free layer in the 
exchange coupled region on the x-plus side becomes 90 

20 < 9 < 270 , a bias magnetic field for changing. the free 
layer into a single domain is not applied sufficiently. 
From the foregoing, it can be concluded that the 
magnetization direction (sin9, cos6) of the free layer 
exchange coupled to the bias applying films is 

25 preferably 0 < 9 < 90 on the x-minus side and 270 <9 

< 360 on the x-plus side. 

The height H of each of the exchanged coupled 
regions of the free layer in the magnetoresistive 
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element according to the present embodiment may also be 
equal to the height h of the sensing region, as shown 
in, e.g., FIG. 2A. 

The heights H and h are defined herein as a 
maximum value of the height of the exchange coupled 
region and as a maximum value of the height of the 
sensing region, respectively. 

If the respective maximum values of. the heights 
of the left and right exchange- coupled regions are 
designated as Hi and H2 , as shown in FIG. 2B, the 
magnetization of the free layer in each of the exchange 
coupled regions is more likely to be oriented in the 
direction of element height of head by adjusting the 
heights Hi and H2 to be larger than the height h of the 
sensing region so that side reading is reduced and the 
effect of increasing a read output is enhanced. 

As shown in FIG. 2C, the height Hi of one of the 
exchange coupled regions may be larger than the height ■ 
h of the sensing region. 

As shown in FIG. 2D, each of the exchanged 
coupled regions may also have an inclined portion 
having a height smaller than the height Hi or H2 . 

Although the description has been given to the 
case where Hi = H2 is satisfied with reference to FIGS. 
2A to 2D, the heights Hi and H2 may also have different 
values . 

The bias applying films to be exchange coupled at 
the edges of the free layer may also be permanent 



magnetic layers. In the magnetoresistive element 
according to the present embodiment thus constituted, 
magnetization rotation occurred outside the sensing 
region is less likely to be propagated, while 
5 magnetization rotation caused by a medium magnetic 
field inside the sensing region can be enhanced. 

Consequently, a magnetic head comprising the 
magnetoresistive element can reduce side reading and 
achieve a high read output. The magnetic head to which 

10 the present invention is applied can also reduce side 
reading and achieve a high read output even when the 
track thereof is narrowed so that a track width defined 
as, e.g., an inter-electrode spacing is 0.05 to 0.1 im. 
As shown in, e.g., FIG. 3, a magnetoresistive 

15 memory device comprising the foregoing magnetoresistive 
head comprises a magnetic recording medium, a magnetic 
recording medium actuator, a magnetic head actuator for 
actuating a magnetic head comprising the 
magnetoresistive head, and a read signal processing 

20 system for processing a signal on the magnetic 

recording medium that has been read by the magnetic 
head . 

The magnetoresistive head may also be formed 
integrally with an inductive thin-film magnetic head. 
25 As shown in, e.g., FIG. 4, the inductive thin-film 

magnetic head comprises a lower magnetic core, an upper 
magnetic core disposed in opposing relation to the 
lower magnetic core, and a coil disposed between the 
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upper and lower magnetic cores . 

Since the magnetic memory device thus constituted 
comprises the magnetic head having the magnetoresistive 
element described above, it undergoes reduced side 
5 reading and achieves a high read output even in 

combination with a magnetic recording medium which is 
extremely low in recording density, i.e., small in 
track width. With a CIP-GMR head, e.g., a combination 
with a magnetic recording medium having a recording 
10 density of about 100 Gb/in2 is possible. With a CPP-GMR 
head, a combination with a magnetic recording medium 
having a recording density of 150 Gb/in2 or more is 
possible . 

As a magnetic head to which the present invention 
15 is applied, a magnetic head comprising a GIF mode 

magnetoresistive element obtained by forming a lower 
shield film (NiFe film) 10 and an insulating film 
(AI2O3 film) 20 for magnetic gap formation on a 
substrate 5 and then forming a giant magnetoresistive 
20 film (GMR film) 30 was fabricated. 

The magnetoresistive element was formed as 
follows in accordance with the process shown in FIGS. 
6A and 7A. 

First, in Step al, the GMR film 30 composed of an 
25 antiferromagnetic layer (MnPt) 50, a pinned layer 

(Co/Ru/Co multilayer film) 45, a non-magnetic layer 
(Cu) 40, and a free layer (NiFe/CoFe multilayer film) 
35, an antiferromagnetic layer (MnPt) 60, and an 
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electrode film (Nb/Au/Nb) 7 0 were deposited 

successively. The film thickness of the 

antif erromagnetic layer 60 was adjusted to 15 nm. 

Next, in Step a2 , an organic resist film 100 was 
5 deposited. Then, in Step a3 , the electrode film 70 and 
the antif erromagnetic layer 60 were patterned by ion 
milling such that a track width (hereinafter referred 
to as Twr) defined as an inter-electrode spacing was 
adjusted to 0.1 im. 

10 It is to be noted that the antif erromagnetic film 

underlying electrode films on both sides of the track 
width Twr serve as bias applying films for magnetic 
domain control . 

Next, in Step a4 , the organic resist film 100 was 

15 removed. 

In Step a5 , an organic resist film 100 was 
deposited over the inter-electrode region and one of 
the bias applying films . 

In Step a6, the electrode films 70 and the 

20 antiferromagnetic films 60 are patterned by ion milling 
such that the thickness of one of the antiferromagnetic 
films 60 is smaller than that of the other 
antiferromagnetic film 60. One of the antiferromagnetic 
films was patterned by 3 nm to have a thickness of 12 

25 nm. 

In Step a7, electrode films 70 were deposited 
again on the upper portions of the patterned 
antiferromagnetic films and then the organic resist 
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film 100 was removed. Thereafter, an insulating film 
(AI2O3 film) 80 for magnetic gap formation and an upper 
shield film (NiFe film) 90 were deposited, whereby the 
magnetic head was fabricated. The height of the free 
5 layer in each of the exchange coupled regions was 

adjusted to be equal to the height (hMR) of the free 
layer in the sensing region, while the height (hMR) was 
set to 0.1 im. The height indicates the size of a film 
in a direction perpendicular to the direction of track 

10 width, i.e., in the y-axis direction in the plane of 
the magnetoresistive element. 

Since the respective thicknesses of the left and 
right antif erromagnetic films as the bias applying 
films are controlled to be different in the head 

15 according to the present embodiment, the left and right 
bias applying films are allowed to have different 
magnetizing directions by performing two heat 
treatments under different conditions . By assuming that 
the magnetization direction of the free layer is in the 

20 x-plus direction as shown in the plan view of FIG. 8A, 

a heat treatment was performed at 270 C for 30 minutes, 
while applying a magnetic field of 1 kOe in the 
magnetizing direction 1 tilted by 6i from the x-plus 
direction, thereby magnetizing the bias applying film 

25 on the x-minus side composed of the antif erromagnetic 
film with a thickness of 15 nm. Then, a heat treatment 
was performed at 270 C for 9 hours, while applying a 
magnetic field of 1 kOe in the magnetizing direction 2 
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tilted by 62 from the x-plus direction, thereby 
magnetizing the bias applying film on the x-plus side 
composed of the antif erromagnetic film with a thickness 
of 12 nm. In the present embodiment, 9i was set to 80 
5 and 62 was set to 2 80 , By the foregoing two heat 

treatments, the respective magnetization directions of 
the left and right exchange-coupled bias applying films 
were oriented in the directions shown in the schematic 
diagram of FIG, 8B. 

10 Such magnetization directions can be observed by 

using a magnetic force microscopy (MFM) from above the 
floating surface of the head. 

It is also possible to closely observe a cross- 
sectional configuration of the magnetic head as shown 

15 in FIG. 5 by using a transmission electron microscopy 
(TEM) . From the drawing, it can be seen that the 
respective thicknesses of the left and right 
antif erromagnetic films are different. 

By varying the thickness difference At between 

20 the left and right antif erromagnetic films from 0,5 nm 

to 12 nm, a plurality of magnetic heads were fabricated. 
In the magnetic head in which the thickness difference 
At was smaller than 1 nm, however, the magnetizing 
directions for the left and right antif erromagnetic 

25 film were the same so that magnetizing in desired 

directions was not performed. In the magnetic head in 
which At was larger than 10 nm, however, a short- 
circuit defect occurred in the antif erromagnetic film 
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with a larger thickness due to insufficient electro- 
static durability. By the foregoing results, it was 
shown that the film thickness difference At between the 
left and right antif erromagnetic films was preferably 
5 controlled to be not less than 1 nm and not more than 
10 nm. 

On the other hand, the magnetizing direction of 
the magnetic head according to Embodiment 1 was varied 
to satisfy 0 < G < 90 on the x-minus side and satisfy 

10 270 < 6 < 360 on the x-plus side, so that a plurality 
of magnetic heads in which the magnetization directions 
of the free layers in the exchange coupled regions were 
different were fabricated. Although the present 
embodiment had controlled the magnetizing directions 

15 such that 62 = 360 - 9i was satisfied if the magnetizing 
direction on the x-minus side was designated as 61 and 
the magnetizing direction on the x-plus side was 
designated as O2, the values of 61 and 62 niay also be 
determined without providing any correlation 

2 0 therebetween so long as they are within the foregoing 
range . 

Comparative Example 1 

A conventional-type giant magnetoresistive head 
was fabricated in the same manner as in Embodiment 1 
25 except that the fabrication process did not include the 
step of reducing the thickness of one of the 
antif erromagnetic films. The magnetizing directions for 
the bias applying films in the conventional-type head 
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were oriented in the direction of track width (G = 0) . 
In the conventional-type giant magnetoresistive head, 
the track width Twr and the height hMR are the same as 
in the first embodiment. 

A current of 3 mA was caused to flow in each of 
the heads according to Example 1 and Comparative 
Example 1 thus fabricated and the respective read 
outputs and magnetic read widths thereof were compared 
with each other. 

A magnetic read width was defined herein as a 
width corresponding to 5% to 95% of a value calculated 
by integrating the sensitivity distribution in the 
direction of track width of head. The sensitivity 
distribution in the direction of track width was 
obtained by measuring read outputs from a giant 
magnetoresistive head when a medium having a track 
width not more than 1/10 of the inter-electrode spacing 
Twr was moved in the direction of track width relative 
to the head. The medium having the reduced track width 
was produced by using a recording head with a normal 
track width to record the track thereof, moving the 
recording head in the direction of track width, and 
thereby DC erasing the edges of the recorded track. 

FIGS. 9A and 9B show the result of measurement. 
By FIGS. 9A and 9B, it was shown that, as 6 was 
increased, the magnetic track width was smaller and the 
read output was larger than in the conventional head (0 
= 0) . In particular, the head according to Embodiment 1 



in which 9 was 80 had a magnetic track width smaller 
by about 15 nm than that of the conventional head and a 
read output higher by about 20% than that of the • 
conventional head . 
5 Next, a plurality of giant magnetoresistive heads 

in each of which the height of the free layer in each 
of the exchange coupled regions was larger than the 
height of the free layer in the sensing region were 
fabricated by using the same process steps as used in 

10 the present embodiment, while varying the magnetizing 
direction for the bias applying films. The height of 
the free layer in the sensing region was adjusted to 
0,1 im and the height of the free layer in each of the 
exchange coupled regions was adjusted to 0.5 im. The 

15 other conditions were the same as used to fabricate the 
head shown in FIG. 5. FIGS. lOA and lOB show the result 
of measuring read outputs and magnetic track widths and 
comparing them with those of the conventional head (9 = 
0) . 

20 In this case also, it was shown that the magnetic 

read widths were smaller and the read outputs were 
larger than in the conventional head. Through a 
comparison with the result shown in FIGS. 9A and 9B 
which was obtained under the condition that the height 

25 in each of the exchange coupled regions was equal to 
the height in the sensing region, it was also shown 
that the effect of reducing the magnetic read width and 
increasing the read output was enhanced by increasing 
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the height in the exchange coupled region. If G is 80 , 
e.g. , the magnetic read width was smaller by about 20 
nm and the read output was higher by about 2 5% than in 
the conventional head. 
5 It was shown by the present inventors that, even 

when the free layer 35 of the GMR film 30 according to 
Embodiment 1 was replaced with a specular reflector 
structure including an oxide layer, a giant 
magnetoresistive head free from Barkhausen noise and 

10 having a high output was obtainable. 

Although the antif erromagnetic films composing 
the bias applying films were composed of MnPt, another 
material such as Mnir may also be used instead. 

Although it is also possible to deposit the 

15 antif erromagnetic layer 50, the free layer 35, the non- 
magnetic layer 40, the pinned layer 45, and the 
antif erromagnetic layer 50 in this order in forming the 
GMR film, the GMR film according to the present 
invention is more easily formed by depositing the 

20 foregoing layers in the order shown in the present 
embodiment . 
Embodiment 2 

As shown in FIG. 11, a magnetic head comprising a 
CIP mode magnetoresistive element obtained by forming a 
25 lower shield film (NiFe film) 10 and an insulating film 
(AI2O3 film) 20 for magnetic gap formation on a 
substrate 5 and then forming a giant magnetoresistive 
film (GMR film) 30 was fabricated. 
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In the present embodiment, the magnetoresistive 
element was formed as follows in accordance with the 
process shown in FIG. 6B and FIG. 7B. 

First, in Step bl , the GMR film 30 composed of an 
5 antif erromagnetic layer (MnPt) 50, a pinned layer 

(Co/Ru/Co multilayer film) 45, a non-magnetic layer 
(Cu) 40, and a free layer (NiFe/CoFe multilayer film) 
35, an antif erromagnetic layer (Mnir) 60, and an 
electrode film (Nb/Au/Nb) 70 were deposited 
10 successively. 

Next, in Step b2 , an organic resist film 100 was 
deposited. Then, in Step b3 , the electrode film 70 and 
the antif erromagnetic layer 60 were patterned by ion 
milling such that the track width Twr was adjusted to 
15 0.1 im. 

Next, in Step b4 , the organic resist film 100 was 
removed . 

In Step b5 , an organic resist film 100 was 
deposited and then a permanent magnetic film (CoCrPt 

20 film) 120 for magnetizing pne of the bias applying 
films was formed. FIG. 12A shows respective plan 
positions at which the organic resist film 100 and the 
permanent magnetic film 120 are formed in Step b5 . The 
residual magnetic flux density Br of the permanent 

25 magneto film was adjusted to 1.1 T and the thickness 
thereof was adjusted to 100 nm. 

In Step b6, the organic resist film 100 was 
removed. Thereafter, an insulating film (AI2O3 film) 80 
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for magnetic gap forma-bion and an upper shield film 
(NiFe film) 90 were deposited, whereby the magnetic 
head was fabricated. In the present embodiment, the 
height hMR was adjusted to 0.1 im. 
5 The present embodiment used the permanent 

magnetic film to magnetize the left and right bias 
applying films in different directions. If the 
magnetization direction of the free layer was as shown 
in FIG. 12B, the permanent magnetic film was magnetized 

10 by applying a magnetic field of 10 kOe in the 

magnetizing direction 1 shown in FIG. 12B. Then, a heat 
treatment was performed at 270 C for 30 minutes, while 
applying a magnetic field of 200 kOe in the magnetizing 
direction 2 . The O2 in the magnetizing direction 2 was 

15 set to 300 . 

As a result, the bias applying film on the x-plus 
side was magnetized in the magnetizing direction 2, 
while an intense magnetic field of about 5 kOe at the 
maximum was applied from the permanent magnetic film to 

20 the bias applying film on the x-minus side, so that the 
magnetization distribution shown in FIG. 8B was 
obtained. Although the magnetic field from the 
permanent magnet is weakened by the shields, a 
satisfactory magnetizing field is applied also in the 

25 direction of height since the distance between the 

shields overlying and underlying the bias applying film 
is as large as about 150 nm. 

After the bias applying films were magnetized in 
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accordance with the foregoing method, the permanent 
magnetic film was removed simultaneously with the 
processing of the air bearing surface of the head. 

In the present embodiment also, a read head 
having a magnetic track width which is smaller by about 
2 0 nm than that of the conventional head and having a 
read output which is higher by about 25% than that of 
the conventional head was obtained. 
Embodiment 3 

As shown in FIG. 13, a magnetic head comprising a 
CIP mode giant magnetoresistive element obtained by 
forming a lower shield film (NiFe film) 10 and an 
insulating film (AI2O3 film) 20 for magnetic gap 
formation on a substrate 5 and then forming a giant 
magnetoresistive film (GMR film) 30 was fabricated. 

In the present embodiment, the magnetoresistive 
element was formed as follows in accordance with the 
process shown in FIG. 6C and FIG. 7C. 

First, in Step cl , a GMR film 30 composed of an 
antif erromagnetic layer (MnPt) 50, a pinned layer 
(Co/Ru/Co multilayer film) 45, a non-magnetic layer 
(Cu) 40, and a free layer (NiFe/CoFe multilayer film) 
35, an antif erromagnetic layer (MnPt) 60, and an 
electrode film (Nb/Au/Nb) 70 were deposited 
successively. The film thickness of the 
antif erromagnetic layer 60 was adjusted to 15 nm. 

Next, in Step c2 , an organic resist film 100 was 
deposited. Then, in Step c3, the electrode film 70 and 
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the antif erromagnetic layer 60 were patterned by ion 
milling such that only the respective regions thereof 
corresponding to one of the bias applying films were 
left. 

5 Next, in Step c4, the organic resist film 100 was 

removed . 

In Step c5, an organic resist film 100 was 
deposited over the region corresponding to the inter- 
electrode spacing and the bias applying film. 

10 In Step c6 , the other of the antif erromagnetic 

films (Mnir) 61 and an electrode film were formed by 
using the organic resist film 100 as a mask. A newly 
formed antif erromagnetic layer 61 was composed of a 
material different from the material composing the 

15 existing antif erromagnetic layer 60 and the film 

thickness of the newly formed antif erromagnetic layer 
61 was adjusted to 15 'nm. 

In Step c7 , the organic resist film 100 was 
removed. Thereafter, an insulating film (AI2O3 film) 80 

20 for magnetic gap formation and an upper shield film 

(NiFe film) 90 were deposited so that a magnetic head 
was fabricated. In the present embodiment, the height 
hMR was adjusted to 0.1 im. 

Since the different materials were used to 

25 compose the left and right antif erromagnetic films in 
the head according to the present embodiment, the 
magnetizing directions for the bias applying films can 
be oriented in different directions by performing a 
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plurality of heat treatments under different conditions. 

First, a first heat treatment was performed as 
follows in order to magnetize the bias applying film on 
the x-minus side composed of a MnPt antif erromagnetic 
5 film. If the magnetization direction of the free layer 
is in the x-plus direction, the heat treatment was 
performed at 270 C for 30 minutes, while applying a 
magnetic field of 1 kOe in the magnetizing direction 1 
tilted by Oi from the x-plus direction, as shown in the 

10 plan view of FIG. 8A. As a result, the bias applying 
film on the x-minus side composed of the MnPt 
antif erromagnetic film was magnetized in the 
magnetizing direction 1. 

Next, second and third heat treatments were 

15 performed as follows in order to magnetize the bias 

applying film on the x-plus side composed of the Mnir 
ant i ferromagnetic film. The second heat treatment was 
performed at 270 C for 3 hours, while applying a 
magnetic field of 1 kOe in the magnetizing direction 1 

20 tilted by 9i from the x-plus direction shown in FIG. 8A. 
The third heat treatment was further performed at 250 
C for 30 minutes, while applying a magnetic field of 
200 Oe in the magnetizing direction 2 tilted by 62 from 
the x-plus direction. As a result, the bias applying 

25 film on the x-plus side composed of the MnIr 
antif erromagnetic film was magnetized in the 
magnetizing direction 2. In the present embodiment, 0i 
was set to 80 and 62 was set to 280 . 
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It was shown by the present inventors that the 
magnetic head according to Embodiment 3 thus 
constituted allows a read head with a reduced magnetic 
track width and with a high read output to be obtained. 
5 By analyzing the components of a magnetoresistive 

element using EDX (energy dispersive X-ray 
spectroscopy) , it was shown that the left and right 
antif erromagnetic layers are composed of different 
materials. The EDX analysis is defined herein as a 
10 method for sensing an excited characteristic X-ray by 
irradiating a surface of a solid with a finely 
converged electron beam. 
Embodiment 4 

As shown in FIG. 14A, a magnetic head comprising 
15 a CIP mode giant magnetoresistive element obtained by 
forming a lower magnetic shield film 10, serving also 
as a lower electrode film (NiFe film), on a substrate 5, 
forming a lower electrode film 70 and a magnetic gap 
layer 20 on the lower magnetic shield film 10, and 
20 further forming a giant magnetoresistive film (GMR 
film) 30 thereon was fabricated. 

In the present embodiment, the formation of the 
magnetoresistive element was performed in the same 
manner as in the process shown in FIGS. 6A to 6C 
25 described in Embodiment 1 except that the track width 
Twr was adjusted to 0.07 Im. 

By further disposing the upper electrode film 70, 
the magnetic gap layer 80, and the upper magnetic 
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shield layer 90, serving also as the upper electrode 
film (NiFe film), on the magnetoresistive element, the 
magnetic head was fabricated. The height hMR was 
adjusted to 0.07 im. The magnetizing of the left and 
5' right bias applying films different from each other was 
performed in accordance with the same method as 
described in Embodiment 1 . 

It was shown by the present inventors that, 
though the track width was reduced in the magnetic head 
10 of Embodiment 4 thus fabricated compared with the 

magnetic head according to Embodiment 1 , a high read 
output was achievable by reducing the magnetic track 
width. 

The present invention also allows a magnetic 
15 memory device combined with an ultra-high-density 
recording medium of, e.g., 200 Gbit/in2 to be 
implemented. 
Embodiment 5 

As another embodiment according to the present 
20 invention, a magnetic head comprising a CPP mode giant 
magnetoresistive element with a hard bias structure 
shown in FIGS. 15A and 15B was fabricated. 

As shown in FIG. 15A, a lower magnetic shield 
film 10 serving also as a lower electrode film (NiFe 
25 film) was formed first on a substrate 5, followed by a 
lower electrode film 70 and a magnetoresistive film 
(GMR film) 30 formed on the lower magnetic shield film 
10. An organic resist film formed to have a specified 
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width was disposed on the foregoing multilayer films 
and ion milling using the organic resist film as a mask 
was performed to remove the both edge regions so that 
the track width Twr was obtained. During the ion 
milling, the free layer 35 was not etched to be left. 
After the organic resist film was removed, an upper 
electrode film 70 was deposited and an organic resist 
film was formed again to have a specified width. By 
using the organic resist film as a mask, ion milling 
was performed to remove the both edge regions so that 
the width Twr2 of the free layer 35 was obtained. 

After an insulating film (AI2O3 film) 20 for 
magnetic gap formation was then formed, a permanent 
magnetic film 120 was deposited to serve as a magnetic 
domain control film. The permanent magnetic film had a 
residual magnetic flux density Br thereof adjusted to 
be equal to the saturated magnetic flux density of the 
free layer 35 and had a thickness thereof adjusted to 
triple the thickness of the free layer. The distance dx 
between the free layer and the permanent magnet was 
adjusted to 5 nm. After an insulating film (AI2O3 film) 
80 for magnetic gap formation was further formed, the 
organic resist film was removed and an upper shield 
film (NiFe film) 90 was deposited thereon, whereby the 
magnetic head was fabricated. 

The track width Twr corresponding to the sensing 
region and the width Twr 2 were adjusted to 0.1 im and 
0.15 Im, respectively, so that the difference dTw 
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between the widths Twr and Twra was 0.05 im. 

The magnetization and current directions of the 
permanent magnet 120 were oriented in the directions 
shown in FIG. 15B. As shown in the drawing, a bias 
magnetic field induced by a current is applied in an 
upward direction on the left-hand region of the free 
layer 35, while it is applied in a downward direction 
on the right-hand region of the free layer 35. It was 
shown by simulation that a magnetization distribution 
in the free layer was the same as that shown in FIG. IB 
due to a domain control magnetic field from the 
permanent magnet and the bias magnetic field induced by 
the current. At that time, the current value was 
adjusted to 3 mA. 

In the present embodiment also, a read head 
having a magnetic track width which is smaller by about 
20 nm than that of a conventional head with a hard bias 
structure and a read output which is higher by about 
25% than that of the conventional head was obtained. 

The same effects were achieved when each of the 
magnetization and current directions of the permanent 
magnetic film shown in FIG. 15B was inverted by 180 . 

Although a magnetoresistive film 30 according to 
the present embodiment was formed by depositing the 
free layer 35, a Cu layer 40, a pinned layer 45, and an 
antif erromagnetic layer 50 in this order, it is also 
possible to deposit the antif erromagnetic layer 50, the 
pinned layer 45, and the Cu layer 40 in this order. 



pattern the resulting multilayer structure, and then 
deposit the free layer 35. 

As a result of fabricating heads by varying the 
difference value dTw from 10 nm to 100 nm, a magnetic 
5 track width was reduced and a read output was increased 
in each of the heads . 

Although the width of the electrode 7 0 was 
adjusted to be the same as the width of the free layer 
35 in the present embodiment, the same effect was 
10 achieved even when the width of the electrode 7 0 was 

adjusted to be smaller than the width of the free layer 
35. 

It was shown by the present inventors that a high 
read output was achievable by reducing the magnetic 

15 track width in the magnetic head of Embodiment 5 thus 
fabricated, though the magnetic domain control method 
was different from that used in Embodiment 1. 

The present invention also allows a magnetic 
memory device combined with an ultra-high-density 

20 recording medium of, e.g., 200 Gbit/in2 to be 
implemented . 
Embodiment 6 

As other embodiments of the present invention, 
the following magnetic heads were fabricated. 

25 The magnetic head comprises: an upper shield; a 

lower shield; and a magnetoresistive element disposed 
between the upper and lower shields, wherein the 
magnetoresistive element has: a magnetoresistive film 
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having a pinned layer, a non-magnetic layer, and a free 
layer; a pair of terminals for applying a current to 
the magnetoresistive film; and bias applying means for 
applying a bias magnetic field for magnetic domain 
5 control to the free layer, the free layer having a 
sensing region and a pair of out-of-sensing-region 
regions on both ends of the sensing region, a 
magnetization direction of one of the out-of-sensing- 
region regions and a magnetization direction of the 

10 other out-of-sensing-region region having different 
components in a direction of element height, 
magnetization of the one of the out-of-sensing-region 
regions and magnetization of the other out-of-sensing- 
region region being nearly symmetrical relative to the 

15 sensing region interposed therebetween. 

The magnetic head comprises: an upper shield; a 
lower shield; and a magnetoresistive element disposed 
between the upper and lower shields, wherein the 
magnetoresistive element has: a magnetoresistive film 

2 0 having a pinned layer, a non-magnetic layer, and a free 
layer; a pair of terminals for applying a current to 
the magnetoresistive film; and bias applying means for 
applying a bias magnetic field for magnetic domain 
control to the free layer, the magnetoresistive element 

25 further having, if a direction of track width is 

designated by an x-axis, a direction of element height 
orthogonal to the direction of track width is 
designated by a y-axis, a magnetization direction of 
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the free layer is designated as an x-plus direction, 
and a direction opposite to an air bearing surface is 
designated as a y-plus direction: means for generating 
a bias magnetic field having a component in the y-plus 
5 direction in a region of the free layer located on an 
x-minus side and generating a bias magnetic field 
having a component in a y-minus direction in a region 
of the free layer located on the x-plus side. 

The magnetic head described above, wherein, if 

10 the magnetization direction of the free layer in the 
coordinate system is designated as (sin6, cos6) and a 
plus direction of the x-axis is designated as (0, 1), 
the magnetization direction in the region of the free 
layer located on the x-minus side to which the bias 

15 magnetic field having the component in the y-plus 

direction has been applied satisfies 0 < 0 < 90 and 
the magnetization direction in the region of the free 
layer located on the x-plus side to which the bias 
magnetic field having the component in the y-minus 

20 direction has been applied satisfies 270 <6 < 360. . 

The magnetic head described above, wherein the 
pinned layer has a magnetization direction fixed by a 
first antif erromagnetic layer. 

The magnetic head described above, wherein the 

25 bias applying means for applying a bias magnetic field 
for magnetic domain control to the free layer is 
disposed on each of both edges in the direction of 
track width of the magnetoresistive film and is 
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composed of a second antif erromagnetic layer or a 
permanent magnetic layer exchange coupled to the free 
layer. 

The magnetic head described above, wherein, if a 
5 length in a direction of the y-axis of the 

magnetoresis tive element is designated as an element 
height, a height of each of the bias applying means and 
the free layer exchange coupled to the bias applying 
means is equal to or larger than a height of the free 
10 layer in a region sandwiched between the bias applying 
means . 

The magnetic head described above, wherein a film 
thickness difference At between the left and right 
second antif erromagnetic layers of the bias applying 
15 means satisfies 1 nm < At < 10 nm. 

The magnetic head described above, wherein the 
left and right second antif erromagnetic layers of the 
bias applying means are composed of different materials. 
The magnetic head described above, wherein the 
20 pair of terminals for applying a current are deposited 
in a direction of thickness of the magnetoresistive 
film either indirectly with a metal film interposed 
therebetween or directly without a metal film 
interposed therebetween such that a current flows in 
25 the direction of the thickness of the magnetoresistive 
film and that the bias magnetic field is generated with 
the current. 

The magnetic head described above, wherein a 
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length of a sensing region is adjusted to be equal to a 
length in the direction of track width of the pinned 
layer by adjusting the length of the pinned layer to be 
smaller than a length in the direction of track width 
5 of the free layer and a length in the direction of 
track width of each of the pair of terminals for 
applying a current. is adjusted to be larger than the 
length in the direction of track width of the pinned 
layer . 

10 It was shown by the present inventors that, in 

each of the magnetic heads described above in the 
present embodiment, side reading was reduced and a high 
read output was achieved. 
Embodiment 7 

15 As other embodiments of the present invention, 

the following magnetic recording/reading apparatus were 
fabricated. 

A magnetic recording/reading apparatus comprises : 
a magnetic recording medium; a magnetic head having an 

20 upper shield, a lower shield, and a magnetoresistive 

element disposed between the upper and lower shields; a 
magnetic head actuator for actuating the magnetic head; 
a recording medium actuator for actuating the magnetic 
recording medium; and a read signal processing system 

25 for processing a signal on the magnetoresistive 

recording medium that has been read by the magnetic 
head, wherein the magnetoresistive element has: a 
magnetoresistive film having a pinned layer, a non- 
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magnetic layer, and a free layer; a pair of terminals 
for applying a current to the magnetoresistive film; 
and bias applying means for applying a bias magnetic 
field for out-of-sensing region regions to the free 
5 layer, the free layer having a sensing region and a 

pair of out-of-sensing-region regions on both ends of 
the sensing region, a magnetization direction of one of 
the out-of-sensing-region regions and a magnetization 
direction of the other out-of-sensing-region region 

10 having different components in a direction of element 

height, magnetization of the one of the out-of-sensing- 
region regions and- magnetization of the other out-of- 
sensing-region region being nearly symmetrical relative 
to the sensing region interposed therebetween. 

15 A magnetic recording/reading apparatus comprises: 

a magnetic recording medium; a magnetic head having an 
upper shield, a lower shield, and a magnetoresistive 
element disposed between the upper and lower shields; a 
magnetic head actuator for actuating the magnetic head; 

20 a recording medium actuator for actuating the magnetic 
recording medium; and a read signal processing system 
for processing a signal on the magnetoresistive 
recording medium that has been read by the magnetic 
head, wherein the magnetoresistive element has: a 

2 5 magnetoresistive film having a pinned layer, a non- 
magnetic layer, and a free layer; a pair of terminals 
for applying a current to the magnetoresistive film; 
and bias applying means for applying a bias magnetic 
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field for magnetic domain control to the free layer, 
the magnetoresistive element further having, if a 
direction of track width is designated by an x-axis, a 
direction of element height orthogonal to the direction 
of track width is designated by a y-axis , a 
magnetization direction of the free layer is designated 
as an x-plus direction, and a direction opposite to an 
air bearing surface is designated as a y-plus 
direction: means for generating a bias magnetic field 
having a component in the y-plus direction in a region 
of the free layer located on an x-minus side and 
generating a bias magnetic field having a component in 
a y-minus direction in a region of the free layer 
located on the x-plus side. 

The magnetic recording/reading apparatus 
described above, wherein, if the magnetization 
direction of the free layer in the coordinate system is 
designated as (sin9, cos9) and a plus direction of the 
x-axis is designated as (0, 1), the magnetization 
direction in the region of the free layer located on 
the x-minus side to which the bias magnetic field 
having the component in the y-plus direction has been 
applied satisfies 0 < G < 90 and the magnetization 
direction in the region of the free layer located on 
the x-plus side to which the bias magnetic field having 
the component in the y-minus direction has been applied 
satisfies 270 <9 < 360 . 

The magnetic recording/reading apparatus 
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described above, wherein the pinned layer has a 
magnetization direction fixed by a first 
antif erromagnetic layer . 

The magnetic recording/reading apparatus 
described above, wherein the bias applying means for 
applying a bias magnetic field for magnetic domain 
control to the free layer is disposed on each of both 
edges in the direction of track wi'dth of the 
magnetoresistive film and is composed of a second 
antif erromagnetic layer or a permanent magnetic layer 
exchange coupled to the free layer. 

The magnetic recording/reading apparatus 
described above, wherein the pair of terminals for 
applying a current are deposited in a direction of 
thickness of the magnetoresistive film either 
indirectly with a metal film interposed therebetween or 
directly without a metal film interposed therebetween 
such that a current flows in the direction of the 
thickness of the magnetoresistive film and that the 
bias magnetic field is generated with the current. 

It was shown by the present inventors that, since 
each of the foregoing magnetic recording/reading 
apparatus described above in the present embodiment 
comprised a magnetic head having a magnetoresistive 
element according to the present invention, side 
reading was reduced and a high read output was achieved 
even in combination with a magnetic recording medium 
having an extremely high recording density, i.e., a 



reduced track width. 
Embodiment 8 

It was shown by the present inventors that- a 
magnetic head (magnetoresistive head) according to the 
present invention could be fabricated in accordance 
with the following methods for fabricating the 
magnetoresistive heads . 

The method for fabricating a magnetoresistive 
head, the method comprising the steps of: forming a 
first antif erromagnetic layer, a pinned layer, a non- 
magnetic layer, a free layer, a second 

antif erromagnetic layer on the free layer, and a resist 
pattern; milling the second antif erromagnetic layer by 
using the resist pattern as a mask; forming a second 
resist pattern; forming a permanent magnetic film for 
magnetizing the second antif erromagnetic layer by using 
the second resist pattern as a mask; removing the 
resist pattern; and removing the permanent magnetic 
film after magnetizing the antif erromagnetic layer. 

The method for fabricating a magnetoresistive 
head, the method comprising the steps of: forming a 
first antif erromagnetic layer, a pinned layer, a non- 
magnetic layer, a free layer, a second 

antif erromagnetic layer on the free layer, and a resist 
pattern; . milling the second antif erromagnetic layer by 
using the resist pattern as a mask; removing the resist 
pattern; forming a second resist pattern; milling the 
second antif erromagnetic layer by using the second 
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resist pattern as a mask; and removing the resist 
pattern . 

The method for fabricating a magnetoresistive 
head, the method comprising the steps of: forming a 
5 first antif erromagnetic layer, a pinned layer, a non- 
magnetic layer, a free layer, a second 

antif erromagnetic layer on the free layer, and a resist 
pattern; milling the second antif erromagnetic layer by 
using the resist pattern as a mask; forming again an 
10 antif erromagnetic layer; and removing the resist 
pattern . 

As described above, the present invention 
provides a magnetoresistive element with high read 
sensitivity and with reduced side reading even if the 
15 track width thereof has been reduced, a 

magnetoresistive head comprising the magnetoresistive 
element, and a magnetic recording/reading apparatus 
comprising the magnetoresistive element. 
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